Introduction
The Booroola Merino is one of the most prolific sheep breeds in the world (Bindon, 1984) . The exceptional prolificacy of the Booroola has been attributed to a major gene(s) which influences its ovulation rate (Bindon & Piper, 1981; Davis, Montgomery, Allison, Kelly & Bray, 1982; Piper & Bindon, 1982) . Homozygous (FF), heterozygous (F+) and non-carriers (++) of the putative gene(s) have tentatively been segregated on the basis of at least one ovulation rate recording of > 5, 3 or 4 and 1 or 2 respectively (Davis et ai, 1982) .
In recent studies on F+ and ++ Booroola Romney ewes, marked genotypic differences were noted in both the function and composition of similar sized ovarian follicles but not in the total numbers of antral follicles (Henderson, Kieboom, McNatty, Lun & Heath, 1985; McNatty et ai, 1985a) . These studies also showed that, in F-f ewes, antral follicles (2-4-5mm diam.) were more sensitive to follicle-stimulating hormone (FSH) and luteinizing hormone (LH) and produced more oestradiol compared to similar sized follicles from ++ ewes. During a cloprostenol-induced follicular phase, the granulosa-cell number and secretion rate of oestradiol from ovaries of F+ ewes containing 3 presumptive preovulatory follicles were both similar to those from one such follicle in ++ ewes. Subsequently, follicles in F+ ewes reached ovulatory size at a smaller diameter and transformed into smaller corpora lutea than those in ++ ewes.
At present, little is known about the composition, steroidogenic capacities and size of the largest non-atretic follicles in FF ewes. The aim of this study was to examine some of these aspects in FF Booroola Merino ewes and to see how they compared with those in F+ and ++ ewes.
Materials and Methods
Animals and procedures. Using the criteria of Davis et ai (1982) , 15 (McNatty, 1982; McNatty et ai, 1982 McNatty et ai, , 1985a  unpublished data). Moreover, these and other studies (Baird, Ralph, Seamark, Amato & Bindon, 1982) have shown that the number of oestradiol-17ß-enriched follicles from 12 to 36 h after cloprostenol treatment correlated with the ovulation rate of the sheep breed in question. At time 0 (uninjected ewes) and at intervals thereafter (6, 12, 24, 36 and 48 h) ovarian (10-20 ml from both left and right ovarian veins) and peripheral (50 ml) venous blood was collected from 3 FF, 3 F+ and 3 ++ ewes anaesthetized with thiopentone sodium (Intravai; May & Baker, Wellington, New Zealand); the only exception to this was at 6 h after cloprostenol injection when no FF ewes were studied. During ovarian venous blood collection the rate of blood flow was also measured (McNatty, Dobson, Gibb, Kieboom & Thurley, 1981b) . Immediately after the blood had been collected, the ovaries of each animal were removed and all follicles > 1 mm in diameter and CL were dissected and their diameters measured to the nearest 0-5 mm as previously described (McNatty et ai, 1985a (McNatty et ai, 1985a) . In the present study, the maximum number of granulosa cells recorded in 1,2, 3, 4, 5, 6 and 7 mm diameter follicles from ++ ewes was 0-9, 2-2, 2-9, 3-8, 6-3 and 7-5 106 cells respectively. In F4-ewes, the maximum number in 1, 2, 3,4 and 5 mm diameter follicles was 0-8, 2-2, 2-3, 3-5 and 3-6 106 cells respectively. In FF ewes the maximum number in 1, 2, 3 and 4mm diameter follicles was 0-6, 1-3, 20 and 2-9 106 cells respectively.
The granulosa cell aromatase assay. For each ewe, the granulosa cells from individual follicles were pooled with respect to follicle size (1-1-5 mm, 2-2-5 mm, 3-3-5 mm diameter, etc.) and follicle health (atretic or non-atretic). The cells were then washed and resuspended in Medium A (i.e. Medium 199 containing sodium bicarbonate (0-85 g/1), Earle's salts, L-glutamine (0-1 g/1), Hepes buffer (20mM) and 1% BSA (w/v)) to a cell concentration of 40-200 IO3 cells per 015 ml; cell viability was not established. Subsequently, 0-15 ml aliquants of the above cell preparations were incubated in a 96-well microtest plate (Nunclon, Kanstrap, Denmark) with 0-15 ml of Medium A containing 2000 ng testosterone/ml for 3 h at 37°C in an humidified (100%) incubator gassed with 5% C02 in air. Aromatase activity was calculated from the oestradiol content of the supernatant after the cells plus medium were centrifuged and separated at the end of the incubation. The oestradiol content was estimated at time 0 but was always negligible. Under these conditions, the rate of oestradiol formation was constant for the first 3 h. Theca interna perifusions. To determine the ability of theca interna to secrete androstenedione, samples of theca interna (10-25 mg) were perifused in vitro using the method described in detail by McNatty et ai (1984, 1985a ). An aliquant of the theca was also homogenized in 1 ml ethanol and its endogenous steroid content determined. Another small portion was fixed in a 10% formalin solution for histological examination to test the purity of the tissue before perifusion. The theca was perifused at 37°C for 4 h at a flow-rate of 1 -4 ml/min with 12-min fractions being collected. LH (NIH-LH-S24; 8 ng/ml) was introduced into the perifusion medium for 20 min after the tissue had first been perifused for 1 h. At the end of the 4-h period, the tissue was fixed for histological exami¬ nation and the medium from each tube was stored at -20°C until assayed for androstenedione by a specific radioimmunoassay (McNatty et ai, 1984) . In this study, all thecae were recovered from non-atretic follicles. For (McNatty et ai, 1981a (McNatty et ai, , 1984 .
The detection limit of the steroids in follicular fluid was 1 ng/ml and those of progesterone and oestradiol in plasma were 200 and 1 pg/ml respectively. The intra-and inter-assay coefficients of variation for all the above steroid assays were < 8% and < 15% respectively.
Statistical procedures. < 001, respectively; ANOVA) than (P>0-25; contingency table analysis; data for the above time frames were pooled). Nor was there a significant effect of genotype on the total number of follicles > 1 mm diameter (i.e. irrespective of time after cloprostenol treatment) ( Table 1 ). The total numbers as well as numbers of non-atretic follicles for each genotype with respect to follicular diameter are also summarized in Table 1 . There were similar numbers of small follicles (1-1-5 mm diam.) for all genotypes with respect to the total population and also with respect to the non-atretic population. As follicles enlarged beyond 1-5 mm in diameter, genotypic differences in the geometric mean numbers of non-atretic follicles became apparent. Essentially, none of the follicles in FF or F+ ewes reached 5 mm or more in diameter. In FF and F+ ewes, the largest non-atretic follicles were between 2 and 4-5 mm in diameter whereas in ++ ewes, they ranged between 5 and 7-5 mm in diameter.
Effect ofgenotype on the number ofgranulosa cells These data for non-atretic follicles are summarized in Fig. 1 (27) 54 (56) 35 (74) 49 (61) 15 (33) 43 (28) 49 (41) 73 (79) 67 (92) 47 (58) 33 (57) 57 (35) 60 (54) t Values in parentheses refer to the number of follicles studied. There was a significant influence of genotype on follicular diameter with respect to aromatase activity in granulosa cells from non-atretic follicles (Fig. lb) ai, 1982, 1985a) . For ++ ewes at 12, 24 and 36 h respectively after cloprostenol injection (3 ewes/time) 1,2 and 1 ewes had two 'oestrogenic' follicles, 1, 1 and 2 ewes had one 'oestrogenic' follicle and 1 of the animals at 12 h had no 'oestrogenic' follicles. For F+ ewes at 12, 24 and 36 h respectively after cloprostenol injection 1, 0 and 2 had four 'oestrogenic' follicles, 2, 2 and 1 had three 'oestrogenic' follicles and 0, 1 and 0 had two such follicles. For the FF ewes at 12, 24 and 36 h respectively after cloprostenol, 0, 1 and 0 had 6 'oestro-genie' follicles, 2, 1 and 3 had 5 'oestrogenic' follicles and 1, 1 and 0 had 3 or 4 such follicles. The data summarizing the number and diameter of 'oestrogenic' follicles and the number of granulosa cells in FF, F+ and ++ ewes, together with the oestradiol secretion rate from ovaries containing 'oestrogenic' follicles at 12-36 h after cloprostenol treatment are shown in (Table 4) . Moreover, the oestradiol secretion rates either from the ovaries containing 'oestrogenic' follicles or from both ovaries from each ewe with respect to genotype were not signifi¬ cantly different (Table 4) . Over the 12-36 h period after cloprostenol treatment the geometric mean (and 95% confidence limits) oestradiol concentrations in peripheral plasma were 9-8 (7-8,12-3), 10-8 (7-6,15-3) and 10-8 (8-1,14-3)pg/ml for ++, F+ and FF ewes respectively; these values were not significantly different from one another (ANOVA). Moreover, the respective mean numbers of granulosa cells in these follicles were 1-8 ± 0-3 106, 2-2 + 0-3 IO6 and 6-6 + 0-3 6 (FF vs ++, P < 001; FF vs F+, P<005; F+ vs ++, < 0-01, ANOVA). At 48h after cloprostenol treatment, the median (and range) of oestradiol secretion rates (i.e. the sum of secretion rates from the left plus right ovaries) were 1-2 (1-0,28-7), 3-1 (0-5,5-6) and 6-9 (3-2,12-9) ng/min for the ++, F+ and FF ewes respectively (3 ewes/genotype). Moreover the median (and range) of'oestrogenic' follicles per ewe were 1 (0,1), 3 (0,4) and 5 (3,6) for the ++, F+ and FF ewes respectively (3 ewes/genotype). The corresponding median (and range) of oestradiol concentrations in plasma were 4-5 (2-2,140), 12-2 (7-2,12-3) and 131 4-0 + 0-6, 1-3 + 0-2 and 1-4 + 0-2 ng/ml at 0 h; 10 + 0-1,0-6 + 002 and 0-6 + 0-2 ng/ml after 24 h; 0-20 + 005, 0-14 + 002 and 012 + 002ng/ml after 36h and 010 ± 003, 009 + 002 and 010 + 0 after 48h (N = 3 ewes/ genotype per time after cloprostenol injection). At 0 h, the mean weight of CL tissue in FF, F+ and ++ ewes was 0-99 ± 0-07, 0-59 + 0-05 and 0-53 + 004g (N = 3 sheep per genotype; FF vs F+, P<002; FF vs ++, P<002, ANOVA).
Discussion
The aim of the present study was to compare aspects of follicular development in FF Booroola Merino ewes with those found in F+ and ++ Booroola Merino ewes. It could be argued that some of the observed differences between FF or F+ ewes and ++ ewes were attributable to the age differences of the animals since the FF/F+ ewes were 6-8 years old and the ++ animals 4-5 years old. However, this is unlikely as the ++ Booroola Merino animals in this study have follicle numbers, granulosa cell numbers, oestradiol and testosterone concentrations in follicular fluid and levels of aromatase activity in granulosa cells which are similar to those reported for 6-8-year-old Booroola Romney ++ animals in an earlier study (McNatty et ai, 1985a) . More¬ over Driancourt, Cahill & Bindon (1985) report that the number of antral follicles in 2-year-old Booroola Merinos did not differ from that in 8-year-old animals.
These results show that ovarian follicular function in FF ewes differs in some respects from that in F+ ewes which in turn differs from that in ++ animals. The proportions of follicles with high concentrations of testosterone (^2 5 ng/ml) and oestradiol (^5 0 ng/ml) in follicular fluid at differ¬ ent times after cloprostenol injection were related to genotype (Table 2) . Also, in most instances, the levels of oestradiol in follicular fluid and aromatase activity in granulosa cells were significantly higher in non-atretic 2-4-5 mm diameter follicles from F-gene carriers (FF and/or F+ ewes) compared to those from ++ ewes (Figs 1 & 2) . These findings together with those showing the influence of follicular health on aromatase activity (Table 3) confirm and extend those of an earlier study which examined the above variables in non-atretic and atretic follicles from F+ and ++ Booroola ewes (McNatty et ai, 1985a) . When comparing FF and F+ ewes, the levels of oestradiol in follicular fluid did not differ between the genotypes over any range of follicular diameters from reached in 2-2-5 mm diameter follicles in FF ewes (i.e. in 40% of non-atretic follicles; data not shown) which was a less common occurrence in the other genotypes (i.e. in 17% and 2% in nonatretic follicles from F+ and ++ ewes respectively). This tendency to synthesize large amounts of oestradiol in small sized follicles in FF compared to F+ ewes was evident when granulosa cell aromatase activity was examined. Aromatase activity was significantly higher in cells from nonatretic 2-2-5 and 3-3-5 mm follicles from FF ewes than in those from F+ ewes.
Another major difference between F-bearing ewes and ++ animals was the number of granulosa cells present in follicles of similar size. The cell numbers in FF or F+ ewes were always lower (P<005) than those in ++ ewes over all follicle sizes that could be compared (i.e. 1-4-5 mm diameter). There was a tendency for the cell numbers to be lower in FF ewes compared to F+ ewes but the differences were never statistically different for the pooled data. However, when the cell numbers in oestrogen-secreting follicles at 12-36 h after a cloprostenol-induced follicular phase for FF and F+ ewes were examined, a significant difference in cell numbers between these two genotypes was evident (P<0-025, Table 4 ).
In this study the numbers of granulosa cells in the 'oestrogenic' and/or presumptive pre¬ ovulatory follicles of F-bearing ewes although similar to those in our previous report (McNatty et ai, 1985a) were very much higher than those of Driancourt et ai (1985) who in turn reported higher mean values than did Baird et ai (1982) . In the present study and that of Baird et ai (1982) , the freshly isolated cells were counted by haemocytometer after treatment of the ewes with clopro¬ stenol. A possible explanation of discrepancy between the studies might be related to the efficiency of cell recovery from the follicle wall. In our study, recovery of granulosa cells was routinely in excess of 90% since histological sections of the follicle wall showed^4 granulosa cells/5 µ section. In the study of Driancourt et ai (1985) , the number of cells was calculated from histological sections of ovaries of ewes previously primed with exogenous progesterone. The cell numbers were determined from a knowledge of the mean cellular density and the estimated area of the follicle occupied by the granulosa cells. Thus differences between our study and that of Driancourt et ai (1985) are likely to be due to the hormone pretreatment of the animals and/or the methods of cell quantification.
The collective evidence from this and previous studies (Henderson et ai, 1985; McNatty et ai, 1985a) suggests that the ovulation-rate differences between the Booroola genotypes (FF, F+ and ++ ewes) are not due to absolute differences in the sizes of the antral follicle pool (Table 1; Driancourt et ai, 1985) as has been inferred for other breeds of sheep (Lahlou-Kassi & Mariana, 1984) . Instead, the ovulation rate differences are more likely to be a consequence of follicles in F-bearing ewes being more sensitive to gonadotrophin stimulation compared to similar size follicles in ++ ewes with respect to cAMP synthesis (Henderson et ai, 1985) . This fundamental difference between the genotypes appears to be established before and/or during antrum formation since basal cAMP concentrations in 0-1-0-5 mm diameter follicles of FF and F+ ewes are higher than in ++ ewes (McNatty, Kieboom, McDiarmid, Heath & Lun, 1985b) . Although the reasons for these differences in gonadotrophin sensitivity are not known, they are likely to be ultimately responsible for the genotypic differences described herein, namely in the numbers of atretic and non-atretic follicles (Table 1) , steroid synthesis (Fig. 2) , granulosa cell number (Fig. 1) and the diameter of mature (i.e. oestrogen-secreting) follicles 12^48 h after cloprostenol injection (Table 4 and 'Results'; see also Driancourt et ai, 1985) . Consequently, follicles in FF ewes reach maturity when between 2 and 4-5 mm in diameter, whereas in F+ ewes they are more likely to be between 3 and 4-5 mm in diameter; in FF and F+ ewes, follicles^5 mm diameter were rarely found (Table  1) . In contrast, in ++ ewes, mature follicles were^4 mm in diameter and most commonly >5mm in diameter (see also Henderson et ai, 1985; McNatty et ai, 1985a) . This difference in size of the follicles at maturity is probably an important factor in determining the ovulation-rate differences between the genotypes since the smaller the follicle is at maturity, the greater the pool of potentially ovulatory follicles. In FF ewes, the total (and non-atretic) number of follicles^2 mm in diameter varied from 5-2 to 130 (3-3 to 9-4), in F+ ewes the total (and non-atretic) number of follicles^3 -0 mm varied from 1-5 to 41 (1-2-3-6), whereas in ++ ewes the number of follicleŝ 4 mm varied from 1 to 2 (0-7 to 1-8). The actual number of non-atretic (see Table 1 ) as well as ovulatory follicles within the above size ranges for each genotype is probably influenced by the temporal fluctuations (~5-20%) in plasma FSH concentrations before, during or after luteolysis (McNatty et ai, 1985c) .
In the present study, the mean numbers of 'oestrogenic' follicles in FF, F+ and ++ ewes at 12-36 h after cloprostenol injection were similar to the mean ovulation rates for the same ewes from the previous cycle. However, despite the differences in the numbers of oestrogenic follicles in each genotype, the oestradiol secretion rates for each of the genotypes were similar ( McNatty, unpublished data) . Also, the number of thecal LH receptors in a 4-5 mm follicle, from a ewe of either genotype, which contains about 5 mg theca interna (wet weight), was estimated to be about 1 10 n. If it is assumed that this receptor number is not altered substantially over a 20-min perfusion interval, then a 20-min LH pulse of 8 ng/ml (i.e. at 1 -4 ml/min) may still be an excessively high dose of LH. Thus, to answer the question as to whether genotypic differences exist with respect to thecal sensitivity to LH, it may be necessary to reassess the androstenedione response to lower doses of LH than have so far been attempted. Nevertheless, the lack of difference in the follicular fluid concentrations of androstenedione (McNatty et ai, 1985a) , or of testosterone (Fig. 2) , which is a major metabolite of androstenedione, do not indicate that the theca is an important contributor to the differences in oestradiol concentration that have been observed between the genotypes.
In FF ewes, the CL were only 0-30 times the weight of those in ++ ewes, whereas in F+ ewes the CL were 0-47 times those in ++ ewes. These findings are consistent with the view that the CL in FF and F+ ewes originated from smaller preovulatory follicles. The finding of an inverse linear correlation between ovulation rate and CL weight is also consistent with the negative correla¬ tion between the number of putative preovulatory follicles and their number of granulosa cells (Driancourt et ai, 1985) . Moreover, it is consistent with the view that for Booroola ewes, at least, the higher the ovulation rate, the smaller the diameter the preovulatory follicles are likely to be at ovulation. On Day 10 of the oestrous cycle, the plasma concentration of progesterone was signifi¬ cantly higher in the FF ewes than in the F+ or ++ ewes. This difference may be due in part to the total CL mass in the FF ewes being twice that in F+ or ++ ewes. It is not known whether the
